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noted as follows: .Nitrogen content was considered high in most 

peat soils with deficiencies being noted for P and K. Values 

to a depth of 30 cm were cited for N, P and K, they were: 

2,000-10,000 kg N; 40-300 kg P; and 30-350 kg K. Bogs having 

high percentages of sphagnum moss, or an oligotrophic classification 

comprised the peatlands having the lowest nutrient content. It was 

noted that although peat normally has a high N large 

percentages of this N are tied up in organic compounds and are not 

available to plants. Phosphorous was considered to always be 

limiting to plant growth. Potassium was not considered limiting in 

early stages of plant growth, but was considered so in the later 

stages of development 01eshechok, 1968). Potassium and nitrogen 

were both reported to be in decreasing availability as the depth 

of peat increased (Paavilainen, 1972). Differences in the avail-

ability of K and P were also discussed. Since K content in rain­

fall often exceeds that of P by five times, K was considered to be 

more available to plants over the long term. Heikurainen (1964) 

has also reviewed some of the main characteristics of N, P and K in 

peatlands. His observations are similar to those of Atterson and 

Binns (1973) . 

Of the many articles with commercial and experimental 

fertilization considered for this paper (Tamm, 1960; Jensen et al., 

1964; Heikurainen, 1964; Meshechok, 1968; Viro, 1970; Kaunisto 

1971, 1972, 1975; Paivanen, 1972; Paavilainen, 1972; Hauge, 1972; 

Seppala and Westman, 1976; and Davey, 1976; Kaunisto and 

Norlamo, 1976; and Kaunisto Paavilainen, 1977) most were in 

agreement that applications of NPK or PK are necessary to obtain 

satisfactory forest growth on peatlands. Variations to this 
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general rule were noted as in Seppala and Westman's (1976) study, 

in the unfavorable climatic conditions of north-eastern Finland, 

where little additional growth was obtained from applications of 

PK. A review of the studies revealed generally that sites con-

sidered poor in their overall nutrients status (oligotrophic) 

were in need of NPK and those sites considered phosphorus the most 

deficient nutrjent limiting forest growth. Publications such as 

Hauge (1972) andMeshechok (1964) revealed that it is almost 

impossible to establish seedlings on organic soils without 

applications of P. Applications of lime in conjunction with normal 

fertilization of peatlands has also proven to enhance forest 

growth (_Maccarthy and Davey, 1976; and Kauvisto and Norlamo, 1976). 

Part of this enhancement was related to a significant enlargement 

of biological activity that increased fixation of nitrogen after 

liming. 

The publications on the fertilization of peatlands also noted 

other important factors that affected growth responses besides 

the additions of macronutrients. These other parameters in-

eluded time of £ertilization, methods of application and types of 

site preparation. 

Viro (1970) has studied the best time to apply fertilizers and 

he states that early spring is the best for pines and that late 

summer is the best for spruce. Viro (1970) also noted that the 

variations in responses to time of application were not as 

significant as expected. Paavilainen (1972) did warn however, 

that nitrogen uptake was poorest when applied in winter on top of 

a snow cover. Methods of applying fertilizer were considered by 
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Mackenzie (1972), Meshechok (1968) and Hauge (1972). In 

general it was found that spot applications in the immediate area 

of the trees was better than broadcasting. Meshechok (1968) also 

noted that additions of phosphorus in planting holes besides the 

trees caused a definite increase in growth when accompanied by 

surface fertilizer applications. Hauge (1972) warned however, 

that additions of super phosphate to seedling r6ots resulted in 

increased mortality. In terms of types of site preparation used 

will effect seedling responses to fertilizers. He also stated that 

if fertilizers are worked into the substrate they will be better 

utilized by the plants, than .if just applied in surface applications. 

Meshechok (1968) reported that the best growth responses in hi~ 

studies have occurred on furrow slices. Because of the signifi­

cant .influences that time of application, site preparation, and 

methods of fertilization have on forest growth, these factors must 

be considered in any type of peatlands forestry. 

Another area of interest in fertilizer studies is the uptake and 

utilization of the nutrients that are applied. For peatlands, 

this subject, is considered by Tamm (1960), Dickson (1973), and 

Atterson and Binns (1973). Tamm (1960) noted that only a small 

amount of the additions are used by trees. Dickson (1973) pointed 

out that much of the fertilizer added is used by competing 

vegetation. Considerable increases in growth were observed by 

Dickson (1973) when herbicides were used to control competing 

vegetation. The increases in growth were related to the increased 

availability of N. It was noted however, that where extremely 

large applications of fertilizers were made, little growth response 

was noted after the use of a herbicide . 
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The final aspect of peatland fertilization to be considered is 

the importance of a nutrient balance on drained peatlands. 

Heikurainen (1964) has considered this aspect in his review and 

notes some of the following nutrient relationships to be of 

importance; (a) additions of phosphorus can affect nitrogen 

mobilization, (b) applications of calcium can result in increased 

humification of peat, resulting in fixation of N and P in the 

protoplasm of microbes, and (c) additions of P can increase K 

deficiencies in peatlands. As can be seen from these examples, 

the application of fertilizers to peatlands is a matter that 

needs serious consideration before being carried out. 

PLANT SITE INTERACTIONS: 

SPECIES SUITABILITY: 

Tree species will respond differently to the various types of 

peat soils, climatic conditions, drainage schemes and silvi-

cul tural practices that occur throughout the world. Because of 

the diverse influences of these factors, proper selection of tree 

species for peatlands forestry is often difficult, especially in 

regions where little research has been conducted to identify 

desirable species. 

In Europe and Great Britain extensive work has been done to 

identify species suitable for peatlands forestry on a commercial 

basis. Heikurainen (1964) reviewed the countries of Europe and 

noted the following: In Western Europe, Norway spruce sects pine, 

and birch (Betula verucosa and B. pubesiens) were approved as 

suitable commercial species. Spruce was recommended in colder 

climates and on ombrotrophic swamps, with pines being recommended 
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on minertrophic swimps. In Eastern Europe, spruce and pines 

were also approved, with the additions of larch and black alder . 

Species suitability work in Great Britain has been considered by 

Seal (1973), who noted the following species to be of importance . 

On fertile sites in the colder parts of Britain, Norway spruce and 

sitka spruce were recommended almost exclusively. Lodgepole pine 

and sitka spruce were noted as desirable species on Britain's 

deeper peat soils and infertile sites. On sites of extreme 

infertility, only lodgepole pine produced satisfactory results. 

In the United States and Canada, little work has been done to 

determine species suitability for intensive peatlands forestry. 

In the southeast where some drainage has been done commercially on 

organic soils, Loblolly and slash pine seem to be the best species 

(Walker, et al., 1961). In the Lake States and Canada consideration 

is usually given to the species already occurring on organic soils, 

these being predominately black spruce, tamarack and Eastern white 

cedar. To identify which species would be best suited for 

intensive forestry on peatlands in the Lake States Dr. Ed White of 

the Lniversity of Minnesota, is currently investigating the growth 

responses of five species (black spruce, white spruce, a hybrid 

poplar, Norway spruce and scats pine) to drainage and fertilization. 

This type of research must be carried out in North America if 

intensive peatlands forestry is ever going to be considered on a 

commerci basis. 

SITE PREPARATION: 

The utilization of some form of site preparation is associated 

with most recent attempts to establish forest on organic soils. 
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This type of site preparation used varied with different 

locations, a point demonstrated by Neustein and Rowan's (1973) 

review of plowing schemes for site preparation in Great Britain, 

and Kaunisto's (1972) work on the utilization of rotavators and plows 

in Finland. Advantages and types of site preparation in peatlands 

forestry have been considered by Kaunisto (1971, 1972, 1975), and 

the results from his studies are noted as follows. First, Kaunisto 

(1971) reported that the utilization of site preparation equalled 

the effects of the best fertilization treatments without site 

preparation. He also noted that the use of site preparation and 

fertilization together increased seedling growth twice as much as 

when either treatment was used separately. Increased mobilization 

of nutrients after site preparation was believed to be the major 

r ea s o.n s for the inc re as e d growth . In a 1 ate r s tu d y us in g a r o ta -

vator in site preparation, Kaunisto, (1975) also noted that 

increased seedling growth after site preparation could be related 

to the reduction of competing vegetation. He reported that the use 

of a rotavator completely destr6yed the ground vegetation. In terms 

of plows used in site preparation, Kaunisto (1972) stated that front 

plows were superior to tractor pulled plows. This was related to 

the fact that front plows pressed turf ridges closer to the original 

peat surface, allowing easier seedling access to nutrients and 

moisture. Precuations were noted in the use of rotary cutters 

where excessively shallow benches prevented adequate moisture 

contact by seedling. Shallow furrors at a depth of 15 to 20 cm on 

a single tree basis were recommended to control moisture levels in 

site preparation. In summary, the major objectives of site 
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preparation in peailands forestry are (1) to regulate the moisture 

and temperature to which seedlings are exposed, (2) to stimulate 

microbal activity, and (3) to eliminate competing ground vegetation, 

(Kaunisto, 1971). 

PROBLH-1 S IN FORESTATION: 

The majority of the major problems associated with intensive 

peatlands forestry were discussed when consideration was given to 

techniques of site selection, drainage, fertilization, and species 

selection. These problems can be noted by reviewing these topics 

and they will therefore not be considered again. Another major 

problem not adequately covered beforehand involves the intensive 

competition on peatlands from non-forested vegetaion during seedling 

regeneration Cv1 aki; 19 7 4) . This compe ti ti on competes with tree 

seedlings for both sunlight and nutrients. Heikurainen (1964) 

pointed out that competition not only occurs from plants that 

invade organic soils, but that loose sphagnum moss will compete 

with seedlings for sunlight. As was noted in the review of 

fertilization, the use of herbicides to eliminate competition for 

nutrients resulted in substantial increases in seedling growth 

after nutrient additions (Dickson, 1973). Although the use of 

herbicides to control comp~ting vegetation is the best solution 

to the problem, Heijurainen (1964) warned that on well humified 

peat void of vegetation, heavy rains can splash peat mud on seed­

lings bending and breaking them. Although not a part of this 

review, it should also be remembered that tree species growing on 

organic soils will encounter th'e problems of fire, insect attacks, 

and diseases just as trees on mineral soils. Though the problems 
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associated with peatlands forestry are important, most can be 

overcome or avoided with wise management practices. 

CONCLUSIONS: 

Although a great deal is known about peatlands forestry in 

Europe, little work has been done in the United States to evaluate 

the feasibility of intensive peatlands forestry. With timber 

supplies projected to be in a shortage by the next decade, now is 

the time to begin investigating the potential of America's peat­

land for forestry purposes. This investigation should include not 

only the specific biological requirements considered in this 

review, but an economic analy~is should also be made that would 

identify when intensive peatlands forestry could be carried out on 

a profitable basis. 
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Ecolo ical and Flor.istic Studies of the Peatland Ve etation of· I 

Nort ern Minnesota Dr. Eville Gorham & Dr. Herbert Wrig t, Jr., 
Urnversi ty of \1 innesota) 

ACCCMPLISIMENTS TO DATE: 

1. ' More than 50 releve plots have been analyzed for species 

cover and sociability, and notes on the habitat (aspect, 

slope, soil profile, etc.) have been made. These plots 

h~ve been distributed over the full range of peatland 

habitats and landforms, except for transitional zones at 

the margins of the peatland. An account of the major 

vegetation types of the Red Lake peatland will be based 

·on analysis of the relevb data. 

2. Water samples have been collected at most of the plots, 

together with a few elsewhere. So far these have been 

analyzed for pH, specific conductance (a measure of 

dissolved ions), and absorbance at 320 nanometers (a 

measure of dissolved organic matter). Further analysis 

will follow, and plant distribution will be related to 

water chemistry. 

3. A number of peat profiles have been examined, and a few 

peat samples have been collected for analysis. 

4. Collections of vascular plants, bryophytes and lichens 
I 

have been made from the peatland releves, and from many 

other peatland sites. These are being placed in the 

herbarium of the lhi versi ty of Minnesota as voucher speci-

ments for this project. 
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5. Lists of vascular plants, and of rare and endangered 

species, have been compiled, preparatory to producing 

a "Flora of the Red Lake Peatlands." Such a flora will 

be of great value to others studying the peatlands, 

particularly the animal biologists who must gather data 

on vegetation in the course of their studies. 

Vegetation Analysis of Selected Beltrami, Koochiching, and 
St. Louis County Peatlands by Remote Sensing Methods 
(Dr. 'Merle Meyer, University of Minnesota) 

ST UDY OBJECTIVES: 

Phase 1 - Preparation of 100%,site-specific vegetation 

classification of portions of 9 7~-minute USGS 

quadrangles in Beltrami/Koochiching Counties and 

portions of 6 7~-minute quadrangles in St. Louis 

County (an approximate total of 315 square miles) . 

Classification to be accomplished from the most 

recent 1:15,840 summer B&W infrared aerial 

photography. 

Phase II - A two-camera 35mm aerial photography camera system 

will provide color infrared photo samples along up 

to 35 miles of representative transects selected by 

the investigators. Continuous coverage of the 

transects will be flown at circa 1:84,000 and photo 

plots at circa 1:12,000 will be flown at selected 

intervals along the transects . 
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FINAL DELIVERY PRODrCTS: 

1. Fifteen stable base orthophotoquads, board mounted and 

each with its individual registered stable film overlay 

bearing the interpreted detail. 

2. Transects and photo samples will be located on the board 

adjacent to the corresponding orthophotoquad. Type lin~s 

and designations will be added where pertinent. 

3. Final narrative report including acreage summaries. 

WORK PERFOR\1ED DURING THE PERIOD JCLY 1 THROlGH SEPTEv1BER 30: 

1. All the necessary orthophotomaps, orthophotoquads and B&W 

photography have been ordered, recieved and categorized. 

2. Effective areas and project boundaries have been completed 

on approximately 90% of the B&W contact prints. 

3. Photo overlays have been prepared for approximately 60% of 

the B&W prints. 

4. Selections of 35mm transect locations were made in mid-July 

with close cooperation of the Ecological and Floristic 

Studies investigator Paul Glaser. 

5. Significant delays in 35mm photography accomplishment were 

encountered due to problems with weather and flight scheduling. 

Transect photography was accomplished as follows: 

-Koochiching/Beltrami transects were 
flown August 30. 

-St. Louis County transects were flown 
September 22. 
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6. 1:120,000 Scale 35mm ClR complete coverage (not specified 

in the contract) for the two study areas was accomplished 

as follows: 

-Koochiching /Beltrami area was flown on 
September 22 

-St. Louis County area was flown on July 24. 

7. Initial field work has been done in both study areas. 

WORK PLANNED FOR NEXT QUART ER (OCTOBER THRO ill H DE CH.f BER, 19 7 8): 

1. Complete photo and overlay preparation for the 1:15,840 

photography . 

2. Complete ground truthing of the 1:15,840 B&W photography 

and the 35mm transect photography . 

3. Finalize classification scheme . 

4. Commence aerial photo interpretation of the 1:15,840 scale 

photography on alternate photographs . 

5. Proceed with editing, transfer of interpreted detail, final 

drafting and area measurements. 

6. Complete one or two key quadrangles by the end of December . 

Analysis of ~innesota Peat for Possible Industrial Chemical Use 
(Dr. Charles Fuchsman, Bemidji State University) 

1. Samples have been received from the field crew working under 

Tom Mal terer 1 s di rec ti on. The samples received represent 

fibric peat sites within the "Pine Island Bog", located near 

the center of the Pine Island State Forest in Koochiching 

County. Each site was sampled over the depth range 1-5 ft. 

below the surface . 
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2. Laboratory work has been initiated on the preparation of 

samples from two of the above-noted sites. The samples 

are to be air-dried before subdivision into portions 

allocated to inorganic analysis (principally for phosphorus); 

and to organic analysis (principally for bitumens). Methods 

for accelerating the air-drying without significant altera­

tion of the organic component of the peat aie being investi­

gated. 

3. Analytical techniques for both the phosphorus and bitumen 

analyses are being tested in the labs to reveal and correct 

·any procedural difficulties before embarking on the systematic 

testing of field samples. 

4. A. visit to one of the field sampling sites is being planned 

in conjunction with the forthcoming visit of Dr. Grumpelt of 

Germany. 

5. A large number of analytical procedures appropriate to the 

project have been translated from the German and Russian 

literature. 

AN INSTITUTIONAL VIEW OF MINNESOTA'S PEATLANDS 

The peat program staff, in cooperation with the Department of 

Revenue is currently perfecting a computer program that will, it is 

hoped, allow the peat staff to predict the expected demand for 

horticultural peat in the United States. The program compares 

the follwoing variables from the years 1961-1976: 
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Commercial Sales of Sphagnum ($) 

Commercial Sales of Reed-Sedge 

Commercial Sales of Humus 

Number of tons of peat produced 

Number of tons of peat sold 

Average price of peat sold (per to~) 

New housing starts 

Personal income 

Preliminary investigation of the computer runs indicates that the 

variables chosen seem to be good indicators of peat demand. The 

program itself will be refined in the coming weeks to make its 

predictive capabilities more flexible. 

Ability to predict expected demand for horticultural peat in the 

United States would be a useful tool in helping the project and 

the legislature to better understand the economic implications of 

peat development in Minnesota. Some reasonable predictions should 

be available in time for presentation to the Legislative Session. 
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